Infection of fowl with adenoviruses raises concerns for poultry production, thus making the detection of adenovirus infection crucial. Fowl adenovirus is the causal agent of inclusion body hepatitis (IBH) and other avian syndromes that affect the production; since the epidemiological point of view it is important to differentiate the serotype of the virus. Between September 2016 and February 2017 several cases of IBH in broiler flocks were reported in Morocco. Molecular detection of the fowl adenovirus and sequencing also allowed determining the strain of the virus. The strain detected was identified as fowl adenovirus closely related to serotype 11 and 8a based on nucleotide sequence analyses of hexon gene loop 1. This is the first time that FadV has been detected in Morocco.
INTRODUTION
Fowl adenovirus (FAdV) is a member of the Adenoviridae family, genus Aviadenovirus. It has been divided into 5 species (A to E) based on viral genomic restriction endonuclease analysis, which in turn includes 12 serotypes (1-8a, 8b-11) based on cross neutralization assay (Hess, 2000; Hess et al., 2000) . Fowl adenovirus causes a number of economically important poultry diseases (Alemnesh et al., 2012; De la Torre et al., 2018) , such as inclusion body hepatitis (IBH) (Alvarado et al., 2007; McFerran et al., 1976) and hydropericardium syndrome (HPS) (Balamurugan and Kataria, 2004; Toro et al., 1999) . FAdVs are transmitted vertically and horizontally by all secretions but the higher titer is found in feces (Morshed et al., 2017) . It has been suggested that immunosuppression due to infectious bursal disease virus (IBDV) (Choi et al., 2012; Eregae et al., 2014) or chicken anemia virus induces IBH in chicken Su et al., 2018; Toro et al., 2000 Toro et al., , 2001 . However, recent studies suggest other immunosuppression factors may not be needed for the onset of FAdV-based IBH in chicken (Morshed et al., 2017) . IBH-associated mortality peaks range from 5 to 80% (Dar et al., 2012; Joubert et al., 2014) . The most striking lesion is an enlargement of the liver with yellowish, dark, and discolored areas (Steer et al., 2015 Detection and identification of FAdV strains is very important from the epidemiological point of view, both to monitor disease outbreaks and to develop strategies for vaccination (Schachner et al., 2018) . The loop 1 region of the hexon gene has been described as a variable region which correlates well with the different serotypes (Meulemans et al., 2004; Steer et al., 2011) but the serotypes and genotypes overlap only partially (Marek et al., 2010) . The present study is concerned with the first recorded presence of FAdV in Morocco and the type of isolate based on the sequence of loop 1 of the hexon gene (Steer et al., 2009 (Steer et al., , 2011 
MATERIALS AND METHODS

Collection of Clinical Samples
The samples were collected during 2016-2017 from broiler poultry farms in different areas in Morocco. Field samples of infected and dead chicken associated with clinical field cases of inclusion body hepatitis were used in this study. Table 1 shows the summarized data of affected flocks. The liver samples were collected both in Whatman FTA sample collection cards (GE Healthcare Life Science, Buckinghamshire, UK) and swabs in PBS, depending on the veterinarian choice. After collection, samples were maintained and transported at room temperature or 4
• C, respectively, until their analysis. A total of 25 representative samples were analyzed. Percentage of weekly mortality and cumulative mortality in the flock.
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Viral DNA Extraction
Total DNA was extracted using the MagMax Total Nucleic Acid isolation kit from Life Technologies (Thermo Fisher Scientific), following the manufacturer's instruction. The DNA was eluted in 50 μl of elution buffer. DNA was stored at 4
• C until use.
Amplification of the DNA
Viral DNA extracted from the clinical samples was amplified by PCR using primers Hex L1-s and HexL1-as specific to the coding region of the L1 loop of the hexon protein, as previously described (Hess, 2000; Hess et al., 2000; Raue et al., 2005) and subsequently used by Steer et al (Oliver-Ferrando et al., 2017; Steer et al., 2009) . Briefly, 50 μl of mix including 5 μl of deoxynucleotide triphosphates at 2 mM, 4 μl of magnesium chloride at 25 mM, 2 μl of each primer at 100 ng/μl, 0.5 μl of Taq DNA polymerase from (ROCHE diagnostics, Mannheim, Germany) at 5U/μl and 3 μl of the extracted DNA, and 5 μl of enzyme buffer were used for amplification. Forty cycles at 94
• C for 20 s, 56
• C for 20 s, and 72
• C for 30 s were carried out. A final step at 72
• C for 2 min was added to complete amplification. Two positive and 1 negative controls were used. For control of extraction a positive sample was used, and for PCR control a plasmid containing the amplified sequence was used. Water was used as negative control. The predicted size of the product was approximately 590 bp.
DNA Sequence Analysis
The PCR product was purified with AccuPrep PCR purification Kit from Bioneer, Republic of Korea and then sequenced. The sequencing step was performed with BigDye R Terminator v3.1 at ABI PRISM H3130 DNA automatic sequencer (Applied Biosystems, Thermo Fisher Scientific) and Hex L1-s and HexL1-as primers. Consensus sequence was constructed from the raw data sequences. Sequence analysis was performed online by alignment of the nucleotide sequences of the amplified fragments from the FAdV hexon gene, with sequences from the Gene Bank public databases by the Basic Local Alignment Search Tool (BlASTn) search at The National Centre for Biotechnology Information (http://www.ncbi.nlm.nih.gov/BLAST/). The nucleotide sequences were aligned using the Clustal W multiple alignment method, and the sequence distance and the phylogenetic tree were calculated using the DS gene program (Accelrys Inc, San Diego). The reference for the different serotypes of FAdV was previously described (Steer et al., 2009 ).
Histology
Due to macroscopic lesions observed in the liver, samples were collected from all poultry farms affected. Also fabricius bursa samples were collected to observe the immunological status. Liver and bursa samples were fixed in neutral buffered formalin and embedded in paraffin. Tissue sections were processed routinely for hematosyline/eosin staining and examined under a microscope.
Nucleotide Sequence Accession Numbers
According to the current nomenclature system (The International Committee on Taxonomy of Viruses) (Benko et al., 2005) , 12 FAdV reference strains were included in the comparison: FAdV1 (CELO) (EU979367); FAdV2 (EU979368); FAdV3 (EU979369); FAdV4 (EU979370); FAdV5(EU979371); FAdV6 (EU979372); FAdV7 (EU979373); FAdV8a (EU979374); FAdV8b (EU979375); FAdV9 (EU979376); FAdV10 (EU979377); FAdV11 (EU979378).
RESULTS
Clinical Case History
From September 2016 to February 2017, several IBH cases appeared in broiler flocks in Morocco. Most of the affected farms were located in the areas of Casablanca, Tiznit, Taroudant, and Fes.
In 2 of the cases analyzed, at 10 and 14 d of age, a 20% and a 15% mortality peak respectively were observed. In all other cases, the peak mortality occurred from 20 to 28 d of age. Table 1 shows the characteristics of the flocks. Prior to the onset of IBH mortality, no lesions associated with IBDV were observed.
Gross Post-Mortem Lesions
Typical IBH post-mortem lesions were observed. During post-mortem examination of dead birds, the most striking lesion observed was the enlargement of the liver with yellowish, dark, and discolored areas (Figure 1a and b) . The liver showed a friable consistency. No signs of HPS were detected. Just liver lesions were observed.
Microscopic Lesions
Histologically, typical lesions caused by IBH were observed. Multifocal areas of cytoplasmic vacuolization of the hepatocytes were evident showing reticulated nuclei with pyknosis and karyorrhexis (necrosis) (Figure 2a ). Around these areas, some hepatocyte nuclei of very large sizes and strong basophilic content (intranuclear basophilic inclusion bodies by adenovirus) are prominent, giving them a dark and irregular appearance (Figure 2b ). The presence of mononuclear cell infiltrates with abundant lymphoid cells in various degrees of maturation is also noteworthy among the vacuolization areas. No macroscopic or microscopic lesions were found on the fabricius bursa.
Agent Detection
The nucleic acid of FAdV was detected by PCR in the 25 samples tested. The PCR of the samples allowed amplification of a DNA fragment with the expected size of 590 pb.
Sequencing and Genotyping
Five of the 25 positive samples were sequenced and analyzed reference number: MG008488; MG008489; MG008490; MG008491; MG008492, samples: 2, 4, 7, 13, and 16, respectively. Four samples had similar sequence and 1 of them was more different. Multiple sequence alignment analysis showed that 4 Morocco isolates had highest homology with D-11 serotype of the virus whereas one showed highest homology with E-8a serotype (Table 2, Figure 3 ).
DISCUSSION
IBH is caused by a number of serotypes of FAdV with substantially low levels of serotype cross protection. Molecular characterization of certain serotypes can help clarify the pathogenic role of FAdV infections in poultry, and serve as a tool to provide autogenous vaccine to control the outbreaks. Recently, some companies in Morocco have started using commercial vaccines but not autogenous vaccines. IBH has a worldwide distribution and is an acute disease caused by FadV D or E. In recent years FadV outbreaks have been described in different countries (Schachner et al., 2016) ; however, as far as the authors know prior to 2016, IBH disease caused by adenovirus had not been described in Morocco, therefore this is the first time that FAdV outbreaks have been described in broilers in Morocco. IBH (enlarged liver) was the only lesion detected. Hydropericardium syndrome lesions were not observed. In 2 of the cases analyzed, at 10 and 14 d of age, a 20% and a 15% mortality peak were observed. This suggests a vertical transmission of the breeders to the progeny. In all other cases, the peak mortality occurred from 20 to 28 d of age. These cases would seem to point at horizontal transmission. Prior to the onset of IBH mortality, no lesions associated with IBDV were observed. This suggested that the IBH-causing adenovirus acted as a primary pathogen rather than a secondary pathogen (Steer et al., 2015) , although in some countries, such as Chile, FAdV strains may require an association with other agents (immunosuppressive agents) to induce IBH/HPS outbreaks in the field (Toro et al., 1999) .
The analysis of the clinical samples showed typical IBH lesions where FAdV were identified from the lesions. The sequence analysis of the hexon gene shown that 4 FAdV of them were identical and closely similar to the serotype 11 showing maximal identity (93.65) with serotype 11 and lower similarity with the other references (less than 66.51). One strain was grouped into FAdV8a showing maxima identity (98.4) with the FAdV8a reference and less than 78% with the rest of reference serotypes.
Until now, different serotypes have been described around the world (Schachner et al., 2018) . In Spain (2011 to 2013), in addition to the serotype D-11 and E-8a, other serotypes such as FadV8b were also described (Oliver-Ferrando et al., 2017) . In South Korea (2007 Korea ( to 2010 , the serotypes FAdV8b, 11, and 4 were described (Choi et al., 2012) . In South Africa, FadV2 and FadV8b serotypes have been isolated, but not FAdV11. In Canada (2009), FAdV8b outbreaks were reported (Alemnesh et al., 2012) . In Japan (2009 to 2012), FAdV2 was isolated (Nakamura et al., 2011) . In Chile, serotype 4 has been isolated (Toro et al., 1998) and, in this case, HPS lesions were also observed. In Iran, FAdV D and E have been isolated (Morshed et al., 2017) .The FAdV identified in Morocco agrees with those of Spain, South Korea, and Iran.
Since some FAdV are not pathogenic, it is important to determine the molecular type of the FAdV detected, bearing in mind that 8a and 11 serotypes show the most severe clinical signs and mortality rates (Matos et al., 2016) .
To avoid IBH horizontal contamination in broiler farms, biosecurity measures need to be strengthened (Niu et al., 2017) . It is necessary to avoid multi-age farms. Multi-age chicken farms do not allow correct biosecurity and facilitate the transmission of pathogens to disease-free farms mainly because they share the same material and personnel. Staff must visit the farms with clean changes of clothes and disinfected hands before entering the sheds. It is important to reinforce cleaning and disinfection protocols between flocks.
It would be advisable to determine the IBH serotype in each outbreak that occurred in Morocco in order to obtain effective vaccines and control the spread of the disease. To protect broilers from both vertical and horizontal transmission, it is necessary to vaccinate broiler breeders with commercial or autogenous vaccines against the serotype present in the region.
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